Giardiasis/lambliosis is a disease caused by the presence of a protozoan Giardia lamblia (G. lamblia) in the upper portions of the human digestive tract (DT). This cosmopolitan parasite is present particularly in children, but in all other age groups and socioeconomic conditions as well. The studies undertaken in the Nišava District (southeastern Serbia) have demonstrated a high prevalence of infection caused by G. lamblia species using conventional microscopy of three stool samples with or without concentration technique (6.24%), i.e. using the immunoenzymatic method to confirm the presence of G. lamblia antigen in the stool (6.59%). The use of invasive methods in the diagnosis of giardiasis is warranted in individual selected cases, when the significance of the parasite should be assessed regarding its involvement in the pathogenetic mechanisms of damage to the digestive tract mucosa.
Parasitological examinations
Parasitological diagnosis of G. lamblia in the stool was performed using conventional microscopy (CM) of three consecutive samples (1-3 days apart, for the period of 10 days), with or without concentration methods (formalin-ether method by Ritchie) [14] . The samples of fresh, liquid stool were examined in the period of 30 minutes after the receipt in the lab, examining the stained (Lugol solution and fluorescent staining with acridine orange) and/or unstained native preparation (NP), while the samples of formed stool were processed and examined in the period of 2 hours of the receipt in the lab. In absence of any accurate standard, CM served as the gold standard.
Immunodiagnostic examinations
Immunodiagnosis from a single stool sample, using a commercial enzyme immunoassay (EIA) (Ridascreen Giardia; R-Biopharm, Germany) to establish G. lamblia antigen in the stool, was performed in all examinees, abiding by the manufacturer's instructions. In cases in which the values near the cut-off (borderline) resulted, an additional analysis from the second stool sample was done.
Invasive examinations (endoscopy and biopsy)
In hospitalized patients (HP), for diagnostic purposes only, duodenoscopy and biopsy of duodenal and gastric mucosa were performed using the standard procedures. Sampling of the duodenal juice and examination of the presence of G. lamblia trophozoites was performed, and then histopathological examination of the DT (primarily duodenal) mucosal biopsies followed.
Duodenal juice, half an hour after sampling at the latest, was prepared for parasitological analysis, and the tissue obtained by biopsy was histopathologically processed. Paraffin sections were stained utilizing the classical hematoxylin-eosin (HE) method, as well as the following histochemical methods: Trichrome staining (Gomori) to demonstrate the G. lamblia protozoan in the sampled tissue, and Alcian blue, ph 2.5-Periodic acid-Schiff (AB-PAS) for histochemical confirmation of the degree of duodenitis and gastritis, but also to demonstrate the G. lamblia protozoan in the sampled tissue.
Gastroduodenitis was classified according to Whitehead [15] , and in gastritis staging the types of metaplasia were taken into account, primarily intestinal metaplasia (IM) and pyloric metaplasia (PM). Gastritis activity was determined based on the presence of neutrophil leukocytes in the dermis and crypts, which was designated as active gastritis [15, 16] .
Epithelial mucins in the gastric and duodenal mucosa are the characteristic marker of the degree of inflammation; type of epithelial metaplasia; and degree of dysplasia. The division of mucins into fucomucins (neutral mucins), syalomucins (weakly acidic mucins), and sulphomucins (strongly acidic mucins) was used [17] .
Statistical analysis
Data entry and analysis were performed using the Epi Info (Ver.6.04) software and SPSS (Ver. 8.0 for Windows). The results of p<0.05 were considered statistically significant.
Results and discussions
The presence of G. lamblia was established in 7 out-patients using the CM and EIA. Negative findings of G. lamblia in the feces were obtained in 67 (67/74; 90.54%) patients using both methods. Using CM in 6 (6/7; 85.71%) patients and NP examination (without a concentration method) G. lamblia cysts were found already in the first stool sample. In the second sample, using NP examination without a concentration method, G. lamblia cysts were established in 4, and after a concentration method in 6 patients. In the third stool sample, the parasite was found in 5 patients using NP examination without a concentration method, and after a concentration method the presence of G. lamblia was confirmed in 7 patients.
Using the EIA method, G. lamblia antigen was confirmed in the first stool sample of all 7 patients (Table 1) . Using the fluorescent AO staining method (Figure 1 ), positive findings of G. lamblia were obtained as well in the samples taken from the same patients.
In all 7 patients, the signs of acute giardiasis were evident (nausea, epigastric pain, urge to vomit, diarrhea lasting more than three days), but with variable severity and periods of occurrence (from January to May, as well as in July and August), in different situations and exposure to risk factors.
Our hospitalized patients (HP) had variable complaints. The most common diagnosis found in the studied patients was duodenal ulcer (15/36; 41.7%), but the protozoan of interest was not found in them (Table 2) . Among the patients with dyspeptic complaints (6/36; 16.7%) G. lamblia was detected in 4 (4/36; 11.11%). In HPs, 108 stool samples were examined using CM, while the presence of G. lamblia antigen was examined using EIA in 36 stool samples. The same number of duodenal juice specimens were examined, and as for histopathology, 28 gastric mucosa samples and 36 duodenal biopsy samples were processed. Using the CM and EIA methods, G. lamblia was found in 4 patients (4/36; 11.1%). Examination of the duodenal juice confirmed the presence of parasites in 2 patients, and examination of HP preparations of gastric and duodenal biopsy established the presence of parasites in 1 patient (Table 3 ). http://www.revistadechimie.ro Trophozoites of G. lamblia were confirmed in the duodenal juice in 2 (2/4; 50%) patients in whose stool samples the presence of the studied parasite was confirmed using CM and EIA methods. In another 2 patients, duodenal juice examination produced a negative G. lamblia result, while CM and EIA stool sample examination produced positive findings. In only one patient, the studied parasite was confirmed using all the above methods. Positive microscopic findings were positive on AO staining as well. The diagnosis of lambliosis was confirmed in all 4 patients using the EIA method, while the analysis of native preparations from the first and second sample and without a concentration method the presence of G. lamblia was established.
Histopathological examination involved processing of 28 samples of gastric and 36 samples of duodenal mucosa. In all 28 gastric mucosa samples, the presence of different grades of gastritis was found. In most of the cases (18/28; 64.28%) mild gastritis was established (superficial chronic gastritis, SHG, and the first grade of chronic atrophic gastritis, HAG), while the second and third grade gastritis was established in another 10 (10/28; 35.71%) patients). Active form of gastritis was established in 11 (11/28; 39.28%) patients, metaplasia of the gastric mucosa in 4 persons (4/28; 14.28%), while dysplasia was present in 2 patients (2/28; 7.14%).
In the histological preparations of 36 biopsies of the duodenal mucosa, superficial duodenitis was seen in 8 (8/36; 22.22%), i.e. chronic atrophic duodenitis (HAD) in 28 patients (I grade HAD in 10/36, 27.77%; II grade HAD in 16/36, 44.44%; and III grade HAD in 2/36, 5.55% patients). In 15 patients (15/36; 41,66%), neutrophil infiltration was established as well, i.e. an active disease phase. Metaplasia was present in 14 samples of duodenal mucosa biopsy material (14/36; 38.89%).
Based on the epithelial mucins in gastric and duodenal mucosa the degree of inflammation was established, as well as the type of epithelial metaplasia and degree of dysplasia. The established hyposecretion of epithelial mucins was proportional to the atrophic inflammation and ranged from hypo-to asecretion; it was also an important property of the degree of dysplasia. Histochemistry of epithelial mucins confirmed pyloric metaplasia in chronic duodenitis and intestinal metaplasia in chronic gastritis.
Hisopathological examination of endoscopic biopsies revealed G. lamblia in one duodenal mucosa sample (Fig. 2) . In a female patient aged 23 years, II grade chronic atrophic duodenitis was found in active disease phase, and vegetative forms of G, lamblia parasite were found in the mucus. Other diagnostic methods used in this patient confirmed as well G. lamblia positivity.
The results confirming G. lamblia infection in adults with symptomatic lambliosis using CM and EIA methods were identical: the parasite was established in 11 out of 110 examined patients, so that the prevalence of G. lamblia infection was 10% (11/110; 95% CI=4.37-15.63). The presence of G. lamblia was confirmed in 7 examined outpatients (the value of prevalence 9.46%; 7/74; 95% CI=2.75-16.17), i.e. in the group of hospitalized patients G. lamblia was confirmed in 4 out of 36 examined patients (the value of prevalence 11.11%; 4/36; 95% CI=0.70-27.52).
Statistical data processing did not reveal any significant gender-related differences in prevalence (6 men/5 women), either in out-patient examinees (3 men/4 women) or in hospitalized adults (3 men/1 woman). Reviews of the literature data dealing with the prevalence of giardiasis related to the factor of gender, did not reveal any significant differences [17, 18] .
Introduction of the EIA tests in the diagnosis of parasitic infections is a turning point in the diagnosis of giardiasis. In addition to the comparison of different numbers of samples using CM and commercial tests based on the concentration method, numerous comparative examinations of the EIA efficacy have been done as well in different groups of interest, depending on the presence or absence of symptoms and signs of infection of the DT [1] [2] [3] [4] [5] [6] 19] . The obtained results and their evaluation showed that EIA is a satisfactory alternative to CM in the diagnosis of symptomatic giardiasis, except in cases of negative results, when CM of a larger number of samples could help resolve the dilemma if the patient had been infected with G. lamblia protozoan.
If the mentioned diagnostic procedures cannot provide positive findings of G. lamblia, many authors in the field believe that invasive diagnostic procedures should be resorted to. First, duodenal juice should be sampled and examined for the presence of G. lamblia trophozoites, and then histopathological examination of the digestive tract mucosal (primarily duodenal) biopsies should be done. Endoscopy has markedly improved the diagnosis in the practice of internal medicine, allowing at the same time parasitological examination for the presence of G. lamblia parasite [7, 8, 20, 21] .
In our own study, in addition to CM of three stool samples with and without the concentration method and EIA test to detect G. lamblia antigen in one stool sample, endoscopic examination was done in all hospitalized patients, with sampling of the duodenal juice for parasitological analysis, and stomach and duodenal mucosa biopsies for histopathological analysis.
G. lamblia trophozoites in the duodenal juice were established in only 2 of 4 adult patients with confirmed giardiasis. Examination of the biopsies yieled even smaller number of positive findings. In only one female patient, in whom the presence of G. lamblia was established using other methods as well, the studied protozoan was found in the duodenal mucosa on histological preparations. Some authors have stated that the sensitivity of invasive methods, i.e. parasitological examination of the duodenal juice and biopsies of the duodenal mucosa for histopathological analysis, is only 44% [22] . Low sensitivity, especially of parasitological examination of the duodenal juice as that obtained in our study, can be explained by the fact that microscopy of duodenal juice preparations is not performed during or immediately after endoscopy, nor it is performed at the same facility (building) with endoscopy. Local unavailability of parasitology laboratories and inability of G. lamblia to survive transport to the lab could be one of the causes of small number of positive findings. Moreover, parasitological examination for the presence of G. lamblia trophozoites in the duodenal juice has not been a part of the regular, routine work of the endoscopy departments, and it is possible that the material has been inadequately or with delays transported to the parasitology lab. These circumstances could have influenced the results showing low sensitivity (50%) of the method of parasitological examination of the duodenal juice for the presence of G. lamblia parasite.
The finding of G. lamblia in only one biopsy sample did not differ from other authors' findings. In many studies aiming to confirm the presence of the protozoan on or in the mucosa of the duodenum, the obtained results have shown that even when the protozoan is present in the bowel lumen, at the same time it is not found in the histological preparations of duodenal mucosa [20, 21] .
In our study, it was established that all patients with confirmed G. lamblia presence had a varying degree of damage to the duodenal and gastric mucosa. However, since in all hospitalized patients with diagnosed giardiasis, parasitic infection was found and internistic diagnosis was made as well, it was difficult to attribute the damage to the duodenal and gastric mucosa only to pathogenetic mechanisms related to the presence of G. lamblia. All the patients with giardiasis (regardless of the method used to establish its presence) had a histopathological finding, but all hospitalized patients with histopathological findings of their gastric and duodenal mucosa were not infected with the protozoan. In only one female patient developed chronic atrophic grade II duodenitis was established, and G. lamblia trophozoites were found in the mucus, so it could be assumed that the protozoan had a role in the pathogenesis of damage to the duodenal mucosa. In other patients with giardiasis confirmed using some of the available diagnostic procedures, histopathological findings showed chronic atrophic changes to the duodenal mucosa of a milder severity (I and II grade), as well as chronic atrophic grade II gastritis. All the presented patients had the initial, working diagnosis of dyspeptic syndrome. After the parasite G. lamblia was confirmed using the above diagnostic procedures, the final etiological diagnosis of a digestive tract infection (giardiasis) was made.
Conclusions
From our results a conclusion may be drawn that invasive methods do not have sufficient sensitivity in the diagnosis of giardiasis, if the presence of factors of influence on false negative results is excluded, as well as the so called "transit" through the digestive tract, when the parasites can be detected in the stool, without being present in the digestive tract or in the biopsy samples. In view of a high prevalence of giardiasis in the Nišava District (southeastern Serbia), the need should be stressed that each duodenal juice sample should be examined for the presence of G. lamblia parasite, and that this should become a regular procedure after each endoscopy. Histopathological examination is the sole procedure that can resolve the dilemma of the magnitude of role of G. lamblia in the onset of damage to the digestive tract, primarily duodenal, mucosa. Non-invasive, standard diagnostic parasitological procedures in the diagnosis of giardiasis remain as the methods of choice, while the EIA method should be preferred for screening purposes in epidemiological studies.
